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Abstract 
Non-starch polysaccharides (NSP) constitute the main part of dietary fiber (DF). There are two kinds of NSP -
 insoluble and soluble. Most plant foods contain both types although proportions vary. A good source of NSP/fiber is 
Jerusalem artichoke (Helianthus tuberosus L.), vegetable - rich in fiber, vitamins and minerals. Jerusalem artichoke 
(JA) is used for managing cholesterol, lipids in the blood, can also help with weight control, not through better 
metabolism of fats but through better management of sugars. The addition of Jerusalem artichoke powder (JAP) 
increases the fiber content of the pastry products, making it a healthier food. Several methods are available for the 
determination of total dietary fiber in products. The Uppsala method is the most appropriate when information of the 
DF components is required. Since different DF components have a range of beneficial effects on human health this 
approach of analyzing DF should become more widely used when characterizing foods. The aim of the study was to 
determine quantity changes in individual NSP of DF in raw material JAP and such pastry products as cakes, butter 
biscuits and honey biscuits where JAP was added. The study identified quantity and types of NSP in JAP and pastry 
products with JAP in concentration 30% and 50 % of total amount of flour, but as control are samples without JAP. 
Results showed that the major NSP monomers of all pastry kinds are, in decreasing manner, glucose, galactose, 
mannose, arabinose, xylose, rhamnose, and fucose. Additionally, NSP content increases substantially with increasing 
concentration of JAP in cakes, honey biscuits and butter biscuits.  
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1. Introduction 
Foods containing DF constitute a major component of a healthy, balanced diet [1]. DF definition has 
been discussed widely in the scientific community for many years, but there is no doubt about beneficial 
effects on human health.  
Adequate consumption of DF from a variety of foods will help to protect against colon cancer and also 
helps to keep blood lipids within the normal range, thereby reducing the risk of obesity, hypertension, and 
cardiovascular disease in general [2]. The World Health Organization has recommended >25 g of total 
DF and >20 g of NSP daily intake for adults to promote optimal health, unfortunately, these quantities are 
not taken up and health problems connected with them are increasing [3].  
Chemically, DF consists of NSP such as arabinoxylans, cellulose and many other plant components 
such as resistant dextrins, inulin, lignin, waxes, chitins, pectins, E-glucans and oligosaccharides [4].  
NSP from plant foods are the major components of DF [2] and are principally non-D-glucan 
polysaccharides of the plant cell wall. They are a heterogeneous group of polysaccharides with varying 
degrees of water solubility, size and structure. The water insoluble fiber fraction includes cellulose, 
galactomannans, xylans, xyloglucans, and lignin, while the water-soluble fibers are the pectins, 
arabinogalactans, arabinoxylans, and E-(1,3)(1,4)-D-glucans (E-glucans) [5].  
A good source of NSP /fiber is vegetable Jerusalem artichoke (Helianthus tuberosus L.) that may be 
useful for treatment of various gastrointestinal disorders. JA consumption helps lowering cholesterol 
levels, reducing the risk of colon cancer, and losing weight. It can slow D-glucose absorption and reduce 
insulin secretion, which is of great importance for diabetics and probably contributes to the well-being of 
nondiabetics as well [6].  
In recent years people around the world and also in Latvia have become more and more interested in 
healthy food. Likewise the food consumers search new food tastes and smells. Despite the changes in 
eating habits, people are unwilling to give up their favorite foods such as wheat flour products, especially 
– pastry, which consumption is invariable. The addition of Jerusalem artichoke powder to pastry products 
is one more possibility of making a healthier food and increasing DF intake [6]. It is desirable to add the 
JAP to pastry products as much as possible in order to obtain products with high nutritional value, 
however, JAP concentration in products is limited from technological and sensory aspects. Previous 
research has shown that until 50 % JAP in total amount of flour had significant impact on pastry product 
texture, but such high amount was still acceptable. More important is the consumer sensory evaluation, 
which showed that most people liked cakes, honey biscuits and butter biscuits with 30 % JAP.  Part of the 
consumers agrees to use pastry products with 50 % of JAP, because they are aware of products valuable 
properties [7].  
The Association of Official Analytical Chemists (AOAC) and AACC (American Association of 
Cereals Chemists) have accepted several methods for determination DF in food products. The enzymatic-
gravimetric methods AOAC 985.29 and AACC 32-05 are appropriate for total DF determination. These 
methods are appropriate for labeling and quality control purposes. Enzymatic-chemical methods AOAC 
994.13 and AACC 32-25 known as the Uppsala or Theander method is the most appropriate when 
information of the DF components is required. Since different DF components have a range of beneficial 
effects on human health this approach of analyzing DF should become more widely used when 
characterizing foods. The Uppsala method enables the determination of total DF as the sum of neutral 
sugar residues, uronic acid residues and Klason lignin. Neutral polysaccharide constituents are converted 
to alditolacetates and analysed by gas chromatography, Klason lignin is determined gravimetrically, and 
uronic acid residues determined by colorimeter [8]. 
The aim of the study was to determine changes in quantity of individual NSP in raw JAP and such 
pastry products as cakes, butter biscuits and honey biscuits with JAP added. 
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2. Materials & Methods 
The experiments were carried out in the Laboratory of Quality Evaluation of Plant Materials at the 
Institute of Plant Breeding and Acclimatization at Radzikow in Poland. Samples for experiments were 
made in the Laboratory of Food Analysis and Laboratory of Packing Material Investigations at the 
Department of Food Technology in the Latvia University of Agriculture at Jelgava in Latvia.  
Analyzed cakes, honey biscuits and butter biscuits baked using classic recipe and technology, were 
used as a control samples. In samples with JA part of wheat flour was substituted with JAP in 
concentrations 30 % and 50 %. After baking, the cakes and biscuits were left to cool at room temperature 
(t~20 r 3qC) and then all samples were milled to pass a 0.5 mm screen. Cakes and butter biscuits have 
high content of fats, so at first to reduce interferences, samples were extracted with petroleum ether at 
room temperature.  
The Upsala method (AOAC 994.13, AACC 32–25) includes preparation of a residue after treatment 
with thermostable D–amylase and amyloglucosidase and then ethanol precipitation of solubilized DF 
components while leaving low-molecular weight carbohydrates in solution. After acid hydrolysis of total 
residue in two steps, neutral polysaccharide residues are quantified as alditol acetates by gas–liquid 
chromatography, uronic acid residues  determined by colorimetry, and the ash–free acid insoluble residue 
(Klason lignin) is determined gravimetrically (the non - carbohydrate part of DF). With this method, total 
DF, including starch resistant to the enzymatic treatment used, is calculated as the sum of analyzed 
polysaccharides and Klason lignin. Fructan is not included in the analysis. All results are presented on dry 
matter basis [9].  
Data were processed using one - way analysis of variance (ANOVA) using the statistical analysis 
software SPSS 18.0 for Windows; significance was defined at p<0.05. Fitting of curves and charts was 
done by using spread-sheets MS Excel.
 
3. Results & Discussion 
NSP were determined in the JAP and in the cakes, butter and honey biscuits, where JAP added in 
concentration 30% and 50 % of total amount of flour, and also in control samples, i.e. without JAP.  
Results of this study showed that the major NSP monomers of JAP and pastry products are hexoses: 
glucose, galactose, mannose, and pentoses: arabinose, xylose, rhamnose, and fucose (Fig.1). Total amount 
of NSP is 9.2 % in JAP; out of them 6.3 % composes of hexoses – and 2.9 % of pentoses.   
Individual NSP components have different chemical and physical characteristics that result in various 
effects on physiology of intestine and on organism in general. NSP has been described as the skeletal 
remains of plant cells in diets, which are not digested by human digestive enzymes [5].  
Pentoses and hexoses are the major naturally occurring carbohydrates. Pentose is monosaccharide with 5 
carbon atoms, and hexose contains 6 carbon atoms. Best-known hexose are glucose and fructose [4].  
Importance of JA pentoses is as follows: components of primary cell wall and middle lamella; 
hydrophilic; varying in methyl ester content; secreted at site of plant injury by specialized secretory cells; 
varying in degree of branching and uronic acid content; soluble in dilute alkali; generally, water–soluble 
and gel - forming [5].  
While importance of JA hexoses is as follows: glucose - main structural component of plant cell wall, 
insoluble in concentrated alkali, soluble in concentrated acid; galactose and mannose - cell wall 
polysaccharides containing backbone of 1–4 linked pyranoside sugars; vary in degree of branching and 
uronic acid content; soluble in dilute alkali; synthesized by plant secretory cells; secreted at site of plant 
injury by specialized secretory cells; hydrophilic [5].  
The JA NSP is formed from fructose diphosphate, which translates into hexoses – glucose, mannose, 
galactose [4]. The structure of cereal pentosans are composed predominantly of two pentoses – arabinose 
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and xylose, but JA contains two pentose more – rhamnose and fucose. Rhamnose is a methyl pentose 
sugar and has properly been classified as one of the rarer sugars. Rhamnose is a derivative of 6 carbon 
sugar mannose. Fucose is isomer from rhamnose [4, 6]. Because the JA tubers have strong shape and 
dense flesh structure, glucose amount is the highest (4.1 %) in comparison with all other constituents of 
NSP in JAP. The second most existing NSP in JAP is pentose – arabinose (2. 3 %), which explains high 
water-binding capacity of JAP (Fig.1). 
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Fig. 1. Amount of non-starch polysaccharides in JAP 
International Life Sciences Institute (ILSI) declares that to claim as “source of DF”, a food must 
contain at least 3 g of DF per 100 g for a solid food or 1.5 g DF per 100 kcal or 10 % of daily reference 
value per serving. To make a “high in DF” claim, a food must contain at least 6 g of DF per 100 g or 3 g 
DF per 100 kcal or 20 % of daily reference value per serving [2].  
The NSP amount in classical cake and butter biscuits is less than 3 g per 100 g, only honey biscuits has 
higher level of NSP (Fig.2). 
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Fig. 2. Total amount of non-starch polysaccharides in pastry products 
Adding JAP to pastry products significantly increases the amount of NSP (pd0.05). The concentration 
30 % of JAP in total amount of flour increases NSP amount in cakes by 52.3 %, in honey biscuits by 49.3 
%, but in butter biscuits by 48.4 %, also permits to say that these pastry products are “source of DF”. The 
NSP is increasing in proportion to increasing concentration of JAP. When JAP added in quantity of 50 %, 
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the NSP contents go up in cakes by 86.2 %, in honey biscuits by 68.9 %, but in butter biscuits by 69.4 % 
as compared with control samples.  
Similarly to JAP, the NSP constituents of pastry products represent mostly glucose, which amount 
increases significantly with increasing concentration of JAP. Glucose increases in all pastry products 
twice in concentration 30 % of JAP, and threefold in concentration 50 % of JAP in comparison with 
control samples (Fig.3, 4, 5). 
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Fig. 3. Amount of non-starch polysaccharides in cakes 
 
All pastry products used contain the mostly arabinose and xylose, representing pentose sugars, which 
occur in flour as pentosans, or more precisley arabinoxylans. These polysugars influence on quality 
parameter of flour, such as water absorption. With increasing JAP concentration moisture of pastry 
products significantly increases, which can be explained by increasing amount of arabinose follow by 
increased product’s water–holding capacity. Xylose is decreasing in cakes (14 %), honey biscuits (30%) 
and butter bicuits (22 %) with added JAP in concentrations 50 % and negatively affects the gas retention 
and loaf volume in the products (Fig.3, 4, 5). However, the water holding capacity of the dough and the 
freshness of the pastry products made of wheat and JAP are much dependent upon their content of NSP, 
mostly of arabinose and xylose [10]. Studies showed that pastry products with JAP stored keep freshness 
longer.  
Individual NSP monomers – arabinose and xylose form aromatic volatile compounds – furfural in 
weak acid solution at elevated temperatures. Furfural is a compound characterising with mild sweet, 
fruity flavour, a combination of cherry and almond. Hexoses, like mannose, galactose and glucose may 
form hydroxy-methyl furfural during the baking process. It is a volatile flavour compound. The flavour is 
sweet, herbaceous, and mildly tobacco or hay-like. This flavour is formed in the crust during baking when 
the temperature increases from 156 to 186 ºC [4].  
JA and its products contain small amounts of rhamnose and fucose (Fig.3, 4, 5).  
Rhamnose is a methyl pentose sugar and has properly been classified as one of the rarer sugars. This 
sugar is a constituent of many glycosides. The most significant use of rhamnose is for the synthesis of 
furaneol to produce fruity aromas, resembling those of strawberry and raspberry [5]. It is probable 
signification in specific aroma forming in JA and its products. Rhamnose is not as well known, and so far 
there are troubles with studying this sugar and understanding what its purpose in the body is. Generally, 
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in the body rhamnose may participate in cell proliferation, collagen synthesis and in the degradation of 
free radicals [5].  
Fucose, although less discussed in our science books, is also an essential sugar derivative needed to 
maintain our bodies' overall well-being and proper development. Fucose is known to be excreted by 
nursing mothers. In recent studies it has shown that fucose plays a significant role in the fetus 
development as well as newborns, by boosting their immune systems. Fucose and its derivatives also 
ensure the proper transmission of nerve signals or cell to cell communication, improve the brain's long-
term memory and even play an important role in inhibiting the spread of tumor and cancerous cells [5]. 
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Fig. 4. Amount of non-starch polysaccharides in honey biscuits 
Galactose is NSP that is also called “brain sugar”. It shares the same molecular formula as glucose, but 
differs in the structural arrangement of its atoms. Galactose provides energy for bodily functions, but 
must be converted into glucose by liver before it can be utilised. Apart from providing energy to the body, 
it has an important role in cell communication. One of substantial function of galactose is stimulation of 
calcium absorption. In this case, it can be say that using pastry products fortified with JAP calcium 
absorption increases significantly.  
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Fig. 5. Amount of non-starch polysaccharides in butter biscuits 
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Generally, pentoses increase in all pastry products 1.7 times at concentration 30 % of JAP, and rises in 
range 2.1 to 2.4 in concentration 50 % of JAP in comparison with control samples (Fig.3, 4, 5). 
4. Conclusion 
The addition of Jerusalem artichoke powder significantly (pd0.05) influenced the amount of non-
starch polysaccharides in pastry products.  
Amount of non-starch polysaccharides in cakes, butter biscuits and honey biscuits increased with 
increasing of concentration of Jerusalem artichoke powder. 
Glucose, galactose, mannose, arabinose, xylose, rhamnose, fucose are found as the non-starch 
polysaccharides monomers in Jerusalem artichoke powder and in pastry products with Jerusalem 
artichoke powder.  
The main pentose is arabinose while glucose is main hexose in cakes, honey biscuits and butter 
biscuits with added Jerusalem artichoke.  
Pastry products with added 30 % Jerusalem artichoke powder are permitted to call “source of DF”. 
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